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INTRODUCTION 
In recent years, Laser Speckle Pattern Interferometry(SPI) and its development have 
enabled surface deformation of structure components and materials to be accurately 
examined. SPI is a very useful method for measuring in-plane components of displacement. 
In measuring thermal expansion coefficient, the various problems are occurred, and the 
measuring limitation is existed. In this study, INCONEL 601 and Tantalum were used as 
specimen material. Specimens were heated to the high temperature(lOOO "C) by electric 
current. 
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BASIC PRINCIPLES(THEORY) 
SPIi§p~.£~le PatternlgterferoI11~try) 
High coherent laser light has made it possible to observe the interference effects of 
scattered lights from a rough surface[l]. In case of speckles observed at the greater distance 
than the diameter of the illuminating beam as shown in Figure 1, these speckles are called 
objective speckle. On the other hand, the speckles appeared by imaging lens of a laser-
illuminated object, are called subjective speckle, as shown in Figure 2. 
In the objective speckle, the speckle size is 0"0 = 1.22(AL / D), where A is the laser 
wavelength, L is image distance, and D is the diameter of the laser illumination beam. In the 
case of subjective speckle, the speckle size is given by O"s = 1.2(1 + M)AF in terms of F-
number of the lens F and the magnification M of the image lens. In order to measure in-
plane displacement, we can design the experimental setup based on the dual-beam 
interferometer as shown in Figure 3. As shown in this figure, the two collimated coherent 
laser beams which are illuminated on the object surface are symmetrically oriented with 
respect to the z-direction at the same angle. 
The speckle patterns formed from the scattered light at the same angle B are 
mutually superposed to produce the new speckle pattern before object deformation. If any 
displacements in the x-direction are occurred, this means that the optical path length was 
changed. Eventually the two independent speckle patterns have the same phase no longer[2]. 
Therefore, the speckle pattern before deformation is compared with that after deformation 
by an image processing. In this case, laser beam 1 is regarded as a reference for beam 2, or 
vIce versa. 
Consider any displacements at a point Q as in Figure 4. Let LI and L2 be the changes 
of the optical path length in beam I and 2 to the viewing direction, repectively. Then the 
change of optical path length LI for the beam 1 is given to as follows; 
LI = ucosB+ wsinB+ wcosa + usina (1) 
likewise, the change of the optical path length L2 for the beam 2 is 
L2 = W cos a + u sin a - u cos B + w sin B . (2) 
Since one beam is illuminated as a reference beam for the other one, the net path change 
between the two beams due to the x-direction displacement u is given by 
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Figure 1. Formation of objective speckle. 
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Figure 2. Formation of subjective speckle. 
L2 - L) = 2ucosB =!1L . (3) 
If the fringe-order number is n, and then the equation of the fringe field is 
nA = 2ucosB ~ u = nA / 2cosB(total displacement). (4) 
The ESPI technique[3] has been used in various fields of optical test and 
measurement since its principles was demonstrated by Butters and Leendertz[4]. In the 
ESPI method, a CCD camera and a TV monitor is used while a film is used in the 
Holographic Interferometry(HI) method, and the electronic signal processing is utilized to 
produce the interference fringe patterns. The preferential merit of the ESPI method is that it 
gains the real-time interferometric fringes by displaying on a TV monitor without any 
photographic processes[5-1O]. 
The initial object image before deformation is recorded by the image processor as a 
reference image with 256 gray level in the memory through the CCD camera. And then, by 
the image processor, the reference image is compared with the live image under 
deformation as a form of electronic subtraction process. Only 1/30 sec is needed to record a 
frame of speckle pattern. That is to say, the average product of two speckle patterns can be 
performed by a CCD camera and a frame grabber. And so, the changes of relative phase or 
the constant displacements of object are displayed in the change of fringe pattern on the 
monitor. However, the displayed images have low quality in contrast. To eliminate this 
problem, those fringes are retreated by image processing with a series of processes, 
enhancement, smoothing, thresholding, expansion-contraction, and thinning, in sequence, 
and these processes are needed to reduce the speckle noise and to improve the fringe 
contrast. 
EXPERIMENTAL APP ARA TUS AND PROCEDURE 
The types of image processing device and the personal computer used in this study 
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Figure 3. The basic optical system of SPI. Figure 4. Changes in optical path length 
as a result of translation in both x 
and z-directions. 
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are the NEXUS QUBE and NEC PC-9801, respectively. The main light source was used 
the 200mW continuous-wave argon(Ar) laser( A =514.5nm). Figure 5 shows the optical 
layout used in this experiment for measuring the in-plane displacements of lNCONEL 601 
and Tantalum caused by the thermal expansion. Mirror 2 and 4 were employed to illuminate 
two laser beams to the object surface from upward and downward, respectively. It is very 
important to measure the thermal expansion coefficient of materials at high temperature 
when the material will be used at such a high temperature in atmosphere, because the 
properties of materials must be matched with operating condition at the high temperature. 
The Moire method has been successfully used for the measurement of thermal expansion 
coefficient at temperature under 800°C until now[ll]. 
This method, however, is limited to the range of moderate temperature and not 
applied to the range of high temperature, because there are several problems on the 
measurement of thermal expansion coefficient at the range of high temperature in air as 
follows[12]; 
l.the influence of the air turbulence to the heated specimen, 
2.the influence of the background radiation of the illuminated laser beams, 
3.the oxidation of the heated specimen's surface which causes the deterioration of the 
optical inte.ference, and 
4.the sensitivity of the variation according to the heating temperature. 
These problems could be solved by using the electronic speckle pattern 
interferometry(ESPI) technique. In this paper, we discussed the use of ESPI for the 
measurement of the thermal expansion coefficients of object at range of high temperature. 
In this study, INCONEL 601 and Tantalum(produced by NILACO Co., Japan) used 
as a specimens, because they have excellent oxidation-resistance property which resists the 
oxidation during heating. A thin and long lNCONEL 601 specimens were heated by 
passing electric currents through the precisely controlled circuit. Figure 6 shows the 
schematic of thermal expansion coefficient measurement testing machine. 
A color camera was used for sensing randomly radiated laser speckles. In the ESPI, the 
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Figure 5. The optical system. 
correlation interference between two speckle patterns reflected from the object surface 
before and after deformation are recorded. At the high temperature, the radiated background 
light that overshelmed the heated specimen is superposed on the reflected light due to the 
laser illumination. Since this background light is incoherent, it makes worse the correlation 
interference between two speckle patterns obtained in before and after object deformation. 
The influence of the background radiation, however, is reduced by using a c10lr CCD 
camera. An interference filter is also put between specimen and camera in order to filter an 
background radiation noise. The most difficult problem in this study is the influence of an 
air turbulence against to the heated specimen. In practice, looking at the perpendicular side 
of the object we found that the turbulence was hardly noticeable. The reason is probably 
due to a laminar stream of hot air that across the specimen. 
EXPERIMENT RESULT 
Figure 7 and 8 show the fringe patterns and thermal expansion coefficient of INCONEL 
601 specimen obtained from the ESPI method at each heating temperatures in air, 
respectively. As shown in these figures, the spacing of fringes was inversely proportion to 
the thermal expansion rate of specimen, and the fringe orientation was perpendicular to the 
in-plane displacement produced by the thermal expansion. The fringe patterns showed fairly 
steady state and increased as the specimen expanded by heating. At around 1200·C a 
surface reaction started. As the temperature approached to the melting point of INCONEL 
601 (about 1300 ·C), strong surface change was occurred. In glimpses, however, 
interference fringe can be observed across the surface up to 1200 ·C. As the temperature of 
an object was raised, the fringe pattern became twisted and deteriorated because changes in 
the specimen's microstructure like a surface oxidation or a rapid shell growth at high 
temperature changed the correlation interference. 
In the ESPI, two laser speckle patterns to the variation of temperature by heating 
(e.g. 30 ·C~45 ·C) are separately obtained by an image acquisition board. The first speckle 
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Figure 6. Schematic diagram of thermal strain measurement testing machine. 
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pattern recorded by the image grabber at 30 'c is called the reference state, and then the 
speckle pattern of the deformed live-object at 45 'c is electronically subtracted from that of 
the reference state. And the subtracted image with fringe pattern is displayed on the TV 
monitor in the real time. The number of fringes indicates the degree of thermal expansion 
coefficient in the vertical direction; a = u / (FtlT) = A / (Ftl~ cosO), where F is the 
distance between two adjacent Young's fringes and tlT is the temperature difference 
during heating. The experimental results for the thermal expansion coefficient measured by 
ESPI that are shown in Figure 8 compared with INCONEL 601 manufacture's data which 
were obtained by the Moire method. These two data set have almost same value up to 
700 'c within the error of 0.3 %, but show the differences above 700 'C. That is, the 
thermal expansion in this alloy is increased non-linearly after 700 'C. Because the phase 
transformation of INCONEL 601 probably occurs near 700 'C. The real temperature of our 
experiment( about 1200 'C) is mainly set by an air-metal reaction on the surface of 
INCONEL 601. If the laser power and the interference filter can be improved, we will able 
Figure 7. The result fringe pattern at INCONEL 601 . 
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Figure 8. The thermal expansion coefficient ofINCONEL 601 with temperature. 
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to use ESPI with an Ar-Iaser to the melting point of INCONEL 60 I. Also, Figure 9 and 10 
show the fringe patterns of Tantalum specimen obtained from ESPI method at each heating 
temperatures in air. 
CONCLUSION 
In conclusion, the ESPI is a non-contacting and non-destructive technique for in-
plane displacement measurements at high temperature and a useful method to apply to the 
measurement of thermal expansion coefficient. For accurate measurements, vacuum 
chamber has to be used in order to solve the problem such as the air turbulence because the 
effect of turbulence reduce the accuracy of our measurements. 
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Figure 9. The result fringe pattern of Tantalum. 
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Figure 10, The thermal expansion coefficient of Tantalum with temperature. 
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